Large quantities of non-aqueous phase liquids (NAPL) 
INTRODUCTION
At Hill Air Force Base (HAFB) A variety of organic NAPLs exhibit markedly low electric permittivity (Er 2.5) and conductivity compared to water (E, : 80). Introduction of these liquids into the subsurface can significantly alter the bulk electric properties. The primary mechanism of this alteration is the displacement of pore water by NAPL, and the effect may be strongly dependent on the wetting phase (Endres and Redman, 1996) . GPR is sensitive to changes in electric permittivity, and has been shown to respond to changes in NAPL concentration (Brewster and Annan, 1994; Daniels et al., 1995; DeRyck et al., 1993; Newmark et al., 1998; Powers and Olhoeft, 1996) .
GPR data are typically collected using constant antenna separation. Although this may be adequate for many applications, more information may be extracted by varying the antenna separation. Quantitative analysis of multi-offset GPR data provides material property estimates (Greaves et al., 1996) including electric permittivity and thus may lead to direct detection of NAPL contaminants. Additionally, significant noise reduction may be achieved in GPR images through multi-offset acquisition and processing techniques such as stacking and velocity filtering (Bradford, 1998; Fisher et al., 1992; Fisher et al., 1996; Loughridge, 1998; Yilmaz, 1987). In previous work at HAFB, Lien and Enfield (1998) (Al-Yahya, 1989; Lafond and Levander, 1993) . In this study, all data are migrated in the commonoffset domain using a 2D Kirchhoff algorithm that accounts for topography. The migrated data are sorted to commonimage point gathers (CIPs) for inspection. CIPs are the PSDM analog of common-midpoint gathers in normal moveout (NMO) processing (Yilmaz, 1987 In AVO analysis, we study the changing amplitude of reflections with increasing antenna separation, or offset (Baker, 1998; Bergmann et al., 1998; Lehmann, 1996; Zeng et al., 2000) . This technique has been used successfully in seismic exploration since the early 1980s to locate oil and gas rich sand bodies (Castagna, 1993 With these amplitude corrections, and given the stated assumptions, the resulting AVO curve is approximately proportional to the reflection coefficient curve (Castagna, 1993 Bradford (1998) . This pattern has the form 1/cosO, where 0 is the take-off angle, at angles less than the critical angle at the earth/air interface, 0 < 0. At take-off angles greater than ec, the function 1/cosO is used until it intersects with the geometric optics approximation (Papas and Engheta, 1982) to an infinitesimal dipole.
This radiation pattern approximates experimental data presented by Annan et al. (1975 (Lien and Enfield, 1998) (Greaves et al., 1996) 
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site specific calibration, we believe these analysis tools can help guide and optimize a coring program, both by identifying likely NAPL zones, and by mapping stratigraphic variations that may control contaminant transport.
